Summary Two F 1 hybrids one between wild C. annuum var glabrisculum and C. frutescens (H 1 ) and another between wild C. annuum var antigua and C. frutescens (H 2 ) were obtained. Cytogenetic analysis of F 1 hybrids showed that the parental genomes differ from each other by 2 or 1 translocations, 1 inversion and some minor structural alterations leading to reduced homologies between the respective parental genomes. Meiotic irregularities pollen and seed sterilities were higher in H 2 than in H 1 . Probable reasons for the differences in respect of their crossability relationships, chromosome pairing and fertilities in non-rearing of reciprocal hybrids are suggested. The role of chromosome structural changes in genome differentiation is suggested. Isolating mechanisms viz., hybrid inviability and hybrid weakness in the reciprocal cross and hybrid sterility in the F 1 hybrids are in operation. Key words Capsicum annuum L., C. frutescens L. interspecific hybrids, Cytogenetics.
The genus Capsicum commonly known as chilli pepper, is a major crop and is almost cosmopolitan in distribution. The genus comprises of 5 domesticated and 20 wild species (Anonymous 1983) . From the taxanomic standpoint interspecific relationships among them have not been well understood even today. Though cross compatibility relationships among some taxa of this genus have been reported by quite a few workers (Smith and Heiser 1951 , Lippert et al. 1966 , Ohta 1961 , Pickersgill 1971 , Venkateswara Rao and Yesoda Raj 1974 , Egawa and Tanaka 1984 , 1986 , Aniel Kumar et al. 1987 , 1988 these were mostly confined to the breeding behaviour of the F 1 hybrids. Information on cytogenetic analysis of species hybrids of apsicum is meager (Egawa and Tanaka 1984 , Aniel Kumar et al. 1987 , 1988 . Further, information relating to the cytogenetic behaviour of F 1 hybrids between wild and cultivated species is very meager (Egawa and Tanaka 1984, Aniel Kumar et al. 1988) . In view of this, the present study is taken up to elucidate cytogenetic relationships between 2 wild forms of C. annuum and a cultivated form of C. frutescens on the basis of meiotic chromosome pairing, behaviour and fertility of F 1 hybrids and the results are documented in the present communication.
Materials and methods
Seeds of 2 wild varieties of C. annuum viz. var, glabrisculum, and var, antigua and cultivar Tabasco of C. frutescens were obtained from. E. Pochard, Monotofavet, Avignon, France. All the 3 accessions were selfed for several generations before these were employed in the hybridization programme. Reciprocal crosses have been attempted by controlled pollinations between each of the 2 varieties of C. annuum with C. frutescens. Hybrids were obtained between C. annuum var glabrisculum and C. frutescens, and C. annuum var antigua and C. frutescens and are referred to as H 1 , H 2 respectively in the text.
Young flower buds of the parents and hybrids were fixed in acetic acid and alcohol mixture (1 : 3) and transferred to 70% alcohol after 24 h of fixation. Squashes were made in 2% aceto-© 2004 The Japan Mendel Society Cytologia 69(2): [203] [204] [205] [206] [207] [208] 2004 carmine to study PMC meiosis. Pollen fertility/sterility was determined by staining the ripe and mature anthers with 2% acetocarmine. The well filled and stained pollen grains were considered as fertile while shrunken, half filled and unstained grains were treated as sterile.
Results
The reciprocal crosses between C. annuum var glabrisculum and C. frutescens and between C. annuum var antigua and C. frutescens yielded fruits and seeds. Nevertheless, seedlings could be raised from the seeds of C. annuum var glabrisculumϫC. frutescens, C. annuum var antiguaϫC. frutescens and C. frutescensϫC. annuum var antigua crosses only while the seeds from the reciprocal cross of C. frutescensϫC. annuum var glabrisculum did not germinate (Table 1) .
C. annuum and C. frutescens conform to the taxonomic description of IBPGR booklet (Anonymous 1983). However, the 2 wild varieties of C. annuum differ in respect of shape of the calyx, position of the fruit, fruit apex, and fruit shape. In C. annuum var glabrisculum the calyx is saucer shaped, fruits globose, with blunt apex, and pendent fruits and C. frutescens is characterized by pairs of pedicels, erect and elongate fruits with pointed apex, calyx cupshaped sulfur white fruit colour.
In all, a total of 8 F 1 plants representing 3 of H 1 and 5 of H 2 survived till maturity while 2 plants of H 3 died 20 d after germination. The hybrids were weak and less vigorous, and possessed morphological features which were mostly intermediate between their respective parents. In a few exomorphic features they resembled their respective seed parents and the hybrids H 1 and H 2 were moderately fertile.
Twelve bivalents were regularly formed both at diakinesis and metaphase I and meiosis was regular in all three parents ( Fig. 1a and 1b) . However, chromosome synapsis was relatively poor in both the F 1 hybrids and meiosis was irregular. Significant inter-plant differences were not observed either in H 1 or in H 2 were pooled for gathering meiotic data. The mean frequencies of various chromosome associations and chiasmata in all the 3 parents and 2 F 1 hybrids are listed in Table 2 . The multivalents varied from 0-2 in H 1 and 0-1 in H 2 . Association of 4 and 3 chromosomes (2 or 1 per cell) and variable number of univalents in addition to bivalents were observed in the PMCs of the hybrids (Figs. 1c, d , e and f, Table 2 ). The nucleolus organizing chromosome was not involved in multivalent formation in either of the F 1 hybrids. The mean chiasma frequencies at diakinesis for H 1 and H 2 hybrids were lower compared to the corresponding parents ( Table 2 ). The occurrence of 12 bivalents in PMC was higher in H 1 than H 2 . One or 2, loosely paired bivalents per PMC were observed in a few cells of H 1 (Fig. 1c) .
Chromosome disjunction at anaphase I was irregular ranging from 11:13 to 9:18 in about 25% of cells in H 2 and 15% of cells in H 1 . Besides a few laggards, a bridge and a fragment were also noticed in some PMCs at this stage. Irregularities were also encountered at anaphase II and telophase II in both the F 1 hybrids though in a lower frequencies ( Fig. 1g and h) were randomly checked for meiosis. Mostly bivalents were recorded in the F 2 raised from H 2 while association of 4 chromosomes and univalents occurred though in a low frequency in the F 2 derived from H 1 . The mean chiasma frequencies in the F 2 progenies were higher than in the corresponding F 1 hybrids, but still less than that in the corresponding parents ( Table 2 ). The pollen stainability varied considerably among the progenies. Nevertheless, it was higher in the F 2 's compared to the corresponding F 1 's (Table 2) . Both F 1 hybrids (H 1 and H 2 ) were back crossed with the respective seed parents which yielded viable progeny. The plants exhibited regular meiosis and the chiasma frequency values were higher than those recorded in F 1 and F 2 of H 1 and H 2 and were more or less nearer to that of the corresponding parents (Table 2) .
Discussion
In the present study the degree of crossability varied in both combinations. Viable F 1 hybrids were obtained only when either of the 2 varieties of C. annuum was employed as the seed parent. However, a few seeds were obtained in the 2 reciprocal crosses. Further, seeds did germinate and grew for a period of 20 d and subsequently died in 1 reciprocal cross (C. frutescensϫC. annuum var antigua) and seeds did not germinate in the second reciprocal cross (C. frutescensϫC. annuum var glabrisculum). All this suggests the manifestation of hybrid inviability and weakness in the prezygotic stage preventing hybrid formation in the reciprocal direction. The mean chiasma frequencies per cell in H 1 and H 2 were less than that of either of the 2 respective parents both at diakinesis and metaphase I indicating reduced homologies between the parental genomes. The occurrence of 12 bivalents per cell in quite a few PMCs of H 1 and H 2 suggest that the parental genomes are semi-homologous. The occurrence of heteromorphic bivalents suggests gross chromosomal differences between the 2 species. All the 3 parents used in the present study were normal homozygotes while the 2 F 1 hybrids are structural heterozygotes as evidenced by the presence of association of 4 and 3 chromosomes in the PMCs. A single persistant bridge and laggards were present in some PMCs in both H 1 and H 2 at anaphase I suggestive of inversion heterozygosity. The low frequency of multivalents and the inversion bridge indicate that the altered segments are not large. These evidences indicated that C. annuum var glabrisculum and C. frutescens and C. annuum var antigua and C. frutescens differ from each other by 2 and 1 translocations and 1 inversion and some minor structural alterations respectively. The sterility encountered in H 1 and H 2 can be attributed mostly to structural differences in the chromosomes of the respective parental genomes. The fertile segregants which appeared among the F 2 and back cross progenies derived from H 1 and H 2 were apparently due to genetic balance or harmony revived in these generations which was lacking in F 1 's a factor well discussed by Stebbins (1950) and Aniel Kumar et al. (1988) . Higher pollen fertilities observed in F 2 and back cross progenies derived from H 1 and H 2 might reflect the operation of modified compliments influencing major genes governing fertility. The 3 parents included in the present study are habitually self pollinated which in or by itself is a built in isolating mechanism.
Interspecific crosses between C. annuum and C. frutescens were rare especially involving C. annuum as the seed parent. Pickersgill (1971) obtained a moderately fertile hybrid between weedy members of the 2 species. Aniel Kumar et al. (1987) reported sterile hybrids involving cultivated C. annuum as the seed parent and C. frutescens as the male parent. However reciprocal crosses were not successful. On the other hand Ohta (1961) obtained a F 1 hybrid between C. frutescens and C. annuum but he also failed to obtain the reciprocal hybrid.
Nevertheless, Singh and Chaudhary (2003) reported F 1 and reciprocal hybrids between the cultivated varieties of C. annuum and C. frutescens and deduced that despite morphological divergence these species have retained sufficient ancestral homologies. The failure of obtaining reciprocal hybrids in the present study may possibly be due to cytoplasmic inhibitory effects or inhibition of the development of hybrid embryo by the endosperm nourishing it and also due to isolating mechanisms viz., hybrid inviability and hybrid weakness in the reciprocal crosses. The hybrid between either of the 2 wild varieties of C. annuum and C. frutescens is partly fertile suggesting that an additional genetic isolating mechanism had been involved since the species had becomes sympatric in cultivation by man.
Finally, though the 2 F 1 hybrids have 1 parent in common C. frutescens the differences in respect of chromosome pairing, pollen and seed fertility in the F 1 hybrids and the ease with which hybrids could be obtained when 1 of the 2 varieties of C. annuum was pistillate parent may be attributed to cytoplasmic differences and partly due to the differences in the genetic architecture of the 2 wild varieties of C. annuum.
